Background: Oral squamous cell carcinoma (OSCC) is a disease that affects patients worldwide. DNA of dead cells is released into the blood stream and may be isolated from plasma or serum samples. This DNA is termed cell-free DNA (cfDNA). cfDNA is increased in several types of malignancies. We investigated if there was a correlation between cfDNA levels and the progression of OSCC. Methods: Using quantitative spectrometry, we measured plasma cfDNA in 121 patients with OSCC and 50 matched controls. Mann Whitney and Wilcoxon tests were used to compare differences among various clinical variants. Receiver operating characteristic (ROC) analysis was used to obtain levels suitable for the separation of the clinical subsets. Kaplan-Meier analysis was used to assess correlation with survival. Results: Plasma cfDNA was significantly elevated in patients with OSCC relative to controls. Plasma cfDNA levels correlated with larger tumor size, cervical lymph node metastasis and late stage. Higher plasma cfDNA levels were associated with a poor prognosis of OSCC, which is a new finding. Conclusion: Plasma cfDNA could serve as a novel and easily accessible biomarker in OSCC, providing diagnostic and prognostic value.
Introduction
Oral squamous cell carcinoma (OSCC) is one of the most frequent carcinomas worldwide [1] [2] [3] [4] [5] and usually is the result of a carcinogenic process which is comprising several steps. In addition, multiple lesions (which may be at different stages of neoplasm) may develop at the same time and over large mucosal areas and turn into cancers. This may be the reason for the high rate of recurrence of OSCC after treatment [6] . Therefore, in order to improve the diagnosis of individuals at risk as well as the treatment of patients, more biomarkers which are sensitive and specific for OSCC are highly sought [7] .
Cell free DNA (cfDNA) can be derived from normal cells, including normal leukocytes that undergo apoptosis, be shed DNA from dead healthy cells or from cancer cells; it is thus detectable in healthy people, patients without cancer, patients with benign tumors and in cancer patients [8, 9] . Total cfDNA thus is the sum of normal and tumor cfDNA, with variable proportions [10] . cfDNA has recently received renewed interest for its potential use as a biomarker in oncology [11] . Over the last decade, several studies have demonstrated that cfDNA analysis is a source of information on tumor Int. J. Mol. Sci. 2018, 19, 3303 2 of 13 presence and molecular composition without the need for direct tumor biopsy [12, 13] . In addition, cfDNA may originate from circulating tumor cells and thus may reflect micro-metastatic disease and aggressiveness of the disease [14] . In head and neck cancer, oropharyngeal squamous cell carcinoma (OPSCC) had been reported to show higher plasma cfDNA levels than other types of head and squamous cell carcinomas [15] .
Several markers were found in OSCC blood samples [16] [17] [18] [19] . In our previous studies, we used the serum levels of matrix metalloproteinase-9 (MMP-9), vascular endothelial growth factor (VEGF), microRNA-31(miR-31) and platelet count from patients to evaluate the prognosis of OSCC [4, 20, 21] . Recent studies have detected circulatory cfDNA in the plasma of patients with different types of cancer [22] [23] [24] . However, plasma cfDNA levels have not yet been associated with OSCC progression and prognosis in previous studies [25, 26] . Though Mazurek et al. have reported elevated plasma cfDNA level in OPSCC compared to other types of HNSCC (there were no OSCC group), there was no statistical significance between the cancer and control groups in their study [15] . This investigation evaluated whether plasma cfDNA levels could be a potential non-invasive marker for OSCC.
Results

Patient Characteristics
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In total, 121 patients with OSCC and 50 matched healthy controls were enrolled in this study. The size distribution of cfDNA was similar in OSCC and healthy donors, the average size was 150 to 200 bp ( Figure 1 ). The clinical characteristics of our study subjects have been listed in Table 1 . 
Plasma cfDNA as a Potential Diagnostic Marker
Patients with OSCC had pre-operative cfDNA plasma concentrations ranging from 11.3 to 646 ng/mL which was significantly higher than in the control group (0.79 to 76.8 ng/mL, Figure 2A ). The mean concentration of cfDNA in OSCC was 53.1 ± 6.69 ng/mL, as compared with 24.0 ± 3.33 ng/mL in the control group. When using 20.2 ng/mL as the cutoff, this marker yielded an AUC of 0.69 in receiver operating characteristic (ROC) and an accuracy of 0.68 as defined by the Leave-one-out crossvalidation (LOOCV, Figure 3A) . A multivariate logistic regression analysis indicated an adjusted odds ratio of 4.15 (95% CI, 2.16-9.20; p < 0.001, Table 2 ). 
Patients with OSCC had pre-operative cfDNA plasma concentrations ranging from 11.3 to 646 ng/mL which was significantly higher than in the control group (0.79 to 76.8 ng/mL, Figure 2A ). The mean concentration of cfDNA in OSCC was 53.1 ± 6.69 ng/mL, as compared with 24.0 ± 3.33 ng/mL in the control group. When using 20.2 ng/mL as the cutoff, this marker yielded an AUC of 0.69 in receiver operating characteristic (ROC) and an accuracy of 0.68 as defined by the Leave-one-out cross-validation (LOOCV, Figure 3A) . A multivariate logistic regression analysis indicated an adjusted odds ratio of 4.15 (95% CI, 2.16-9.20; p < 0.001, Table 2 ). 
cfDNA Level as an Independent Factor of Cervical Lymph Node Metastasis in OSCC
Several clinical parameters were analyzed in this study. cfDNA was not associated with age, gender, perineural invasion and cell differentiation (Table 1) . cfDNA levels however were related to tumor size ( Figure 2B ), TNM staging ( Figure 2D ) and lymphovascular invasion ( Figure 2E ). Higher plasma cfDNA levels were found in tumor patients with neck lymph node metastasis compared to those without these features ( Figure 2C ). When using 42.0 ng/mL as cutoff, this marker yielded an AUC of 0.65 and an accuracy of 0.60 in ROC analysis, as defined by LOOCV ( Figure 3B) . A multivariate logistic regression analysis indicated an adjusted odds ratio of 2.53 (95% CI, 1.06-6.08; p = 0.038, Table 3 ). 
Decrease of cfDNA in Patients' Plasma after the Resection of Oral Primary Tumors
We further investigated if the levels of plasma cfDNA from patients with OSCC would change after ablative tumor surgery and found a significant decrease in cfDNA after tumor resection in 75% of the patients (45 of 60, Figure 2F ).
Association between cfDNA Levels and Survival of Patients with OSCC
There were several clinical parameters associated with disease specific survival in OSCC, including tumor size, node stage, perineural invasion, lymphovascular invasion and cfDNA levels in a univariate analysis (Table 4) . When adjusting for tumor size, perineural invasion and lymphovascular invasion, neck lymph node metastasis (hazard ratio, 9.529; 95% CI, 2.054 to 44.195 ; p = 0.004) and cfDNA level (hazard ratio, 4.432; 95% CI, 1.214 to 16.178; p = 0.024) were independent factors influencing disease specific survival (Table 4) . Kaplan-Meier analysis indicated an association of higher cfDNA levels with worse disease-specific survival (p = 0.001) and disease-free survival (p = 0.003) (Figure 3C,D) . 
Discussion
cfDNA was discovered in 1948 by Mandel and Metais [27] but there was no interest in cfDNA until 40 years thereafter. Research on cfDNA in the human circulatory system has been conducted in various clinical fields. Leon [28] demonstrated that the serum cfDNA concentration was significantly increased in cancer patients. Stroun et al. detected cfDNA in 27% of a cancer patient group while it was absent in healthy controls, suggesting a correlation with malignancy [29, 30] . Coulet et al. used fluorescence emission after adding a dye intercalating with Plasma DNA to test for circulating DNA in HNSCC. Plasma DNA concentrations however did not significantly correlate between gender, tumor stage or tumor localization [26] . In the recent years, Shukla et al. found that cfDNA values in the plasma and blood were not significantly elevated in patients with precancerous lesions, patients with OSCC, or patients with OSCC after surgery, as compared with healthy subjects [25] . However, in the majority of studies, cfDNA has been reported to be a highly sensitive genetic biomarker in several types of cancer which directly reflected the tumor burden and genetic dynamics, including pancreatic [10] , melanoma [31] , lung [13, 22, 32, 33] , colorectal [34] , breast [35, 36] and prostate cancer. In recently Desai, reported total cfDNA may be applied as a screening marker for early detection of pre-cancer and cancer as well as for prognostication of oral cancer [37] . Only forty OSCC samples enrolled in this study, clinicopathological parameters cannot analyze via the limited samples size. In our study, we measured the OSCC plasma cfDNA concentration. Our results demonstrate that plasma cfDNA levels are higher in patients with OSCC, compared to healthy controls. This is different to a previous study of OSCC [25] , this result may be similar to other types of solid malignancies [38, 39] .
There are two common methods to characterize cfDNA: First, the quantification of total cfDNA using for example, spectrophotometry and, second, the detection of specific tumor markers by for example, polymerase chain reaction (PCR)-based techniques along with sequencing. Both strategies are effective for detecting cfDNA but the combined hazard ratios seemed to be more prominent in subgroups where specific tumor markers were assayed, rather than in those where cfDNA was quantified [34] . However, most manufacturers of real-time quantitative PCR (qPCR) instruments and qPCR reagents recommend amplicon lengths of 80-150 bp, as longer products have lowered amplification efficiencies, which may increase variation and thus decrease the reliability of the results [40, 41] . It should be noted that the cfDNA quantities based on the measurement of some target genes (e.g., human telomerase reverse transcriptase TERT) were more than several folds higher than those of other assays [15] . However, debates are continuing regarding accuracy and sensitivity [42] . In this study, we used a spectrophotometric analyzer, the TapeStation 2200 (Agilent Technology, Santa Clara, CA, USA), equipped with the highly senitiveD1000 ScreenTape system (Agilent Technologies, Santa Clara, CA, USA) to measure small double-stranded DNA. The highly sensitivity D1000 ScreenTape system is designed for analyzing DNA molecules from 35 to 1000 bp. With a quantitative range of 10-1000 ng/mL and sensitivity of 5 ng/mL The Agilent 2200 TapeStation system in conjunction with the Agilent Genomic DNA ScreenTape assay provides an excellent solution for assessing the quantity, integrity and overall quality of genomic DNA. The quantification of the TapeStation 2200 is highly comparable to the fluorescence-based Qubit instrument. Differences seen with UV based detection are attributed to the differences in the measurement method between the fluorescence based platforms and the spectrophotometric NanoDrop [43, 44] . This rationale may explain why our cfDNA sensitivity was higher than those previously reported.
While investigating the total amount of cfDNA in patients with malignant diseases, the risk of lysis because of prolonged stasis during blood sampling is an important factor to avoid, as it may influence the results [45] . Accurate quantification of low occurrence targets means that any release of genomic DNA (gDNA) from white blood cells (WBCs) following a blood draw should be minimized during sample storage and shipping so the proportion of specific cfDNA targets is preserved [46] . Obscuring cfDNA with gDNA could hamper detection in downstream applications [47] . Alterations in the ratio of cfDNA and gDNA might impair detection [46, 47] . Thus, in order to be able to measure targets which are present in low concentrations only, the blood samples need to be handled carefully after drawing, during storage and during shipping, as the potential release of genomic DNA (gDNA) from white blood cells (WBCs) might obscure the cfDNA, which are specific for the investigated targets. We therefore immediately processed the blood after venous puncture by centrifuging the blood in a way that prevents the release of gDNA into the plasma fraction [48] . Additional studies have shown that true cfDNA fragments are generally <200 bp and are likely due to cellular apoptosis [49] . Increases in the concentration of fragments of >300 bp may be an indication of a compromised blood sample in which nucleated cells have released gDNA; Li and colleagues demonstrated that the majority of circulating DNA was <313 bp [50] . Therefore, having the ability to assess the degree of gDNA contamination in plasma may be useful in determining sample quality and integrity. True cfDNA fragments have been shown to be shorter than 200 bp in size and to originate from cellular apoptosis [49] , whereas an increase in the concentration of fragments larger than 300 bp might pinpoint compromised blood samples where nucleated cells have released gDNA. Li and colleagues found that the majority of circulating DNA is below 313 bp in size [50] . Thus, being able to measure the amount of contamination by gDNA is helpful in assessing the quality and integrity of a sample. The highly sensitive D1000 ScreenTape system (Agilent Technologies, Santa Clara, CA, USA) may easily assess the integrity of double-stranded DNA and the size of cfDNA. We excluded eleven samples (seven from patients and four from controls) that were contaminated with a large amount of cfDNA, in order to ensure accuracy of our data.
The mean concentration of cfDNA in the OSCC samples obtained using this method was 53.06 ng/mL. Compared with lung cancer, the mean plasma cfDNA concentration ranged from 29.5 to 270.0 ng/mL [22, 39, 51, 52] . A previous study in OPSCC had a mean plasma concentration of 9.60 ng/mL [15] . Such differences in absolute concentration may come from blood sample processing, plasma isolation and storage or DNA quantification methods, as well as from the heterogeneity of the population studied and different cancer types. Regarding the potential impact of sample conservation time (long-term freezing may alter the quality and quantity of cfDNA) [22, 28, 42] . Several factors: The processing of blood samples, that is, the isolation of plasma, the way of storing it and the method of quantifying the DNA may contribute to the level of variation of cfDNA, in addition to the heterogeneity of the patient group under investigation and different cancer types as source material. The duration of storage until analysis also may play an important role, because also long-term freezing is known to alter the quality and quantity of cfDNA [22, 28, 42] . Thus, in this study, for all samples, plasma isolation was performed immediately after blood collection and the same standard procedures were used to limit possible contamination with blood cell DNA. Furthermore, cfDNA extraction and quantification were centrally performed in one laboratory using a standard protocol in order to limit quantification bias.
There is some controversy regarding the relationship between cfDNA levels and clinicopathological features [53] . In OPSCC, increased plasma cfDNA levels were found in patients with clinical N2-N3 lymph node metastases but not in clinical N0-N1 patients [15] . Highly significant differences were found by considering T stage in patients who had cancer and had positive regional lymph node metastasis and significantly higher cfDNA levels were found in breast cancer [54] . cfDNA is not specific to neoplastic conditions. It may also be elevated in inflammatory and infectious conditions. Thus, the association between high cfDNA concentration and poor prognosis may be linked to tumor burden and/or comorbidities [55] . The association between high levels of cfDNA concentration and poor prognosis may be linked to the tumor burden and/or comorbidities, as cfDNA is not specific to neoplasms. It also may be elevated as a consequence of inflammation and infection [55] . Our study showed that there was a high level of plasma cfDNA in patients with OSCC who had large tumors, cervical lymph node metastasis and TNM staging. cfDNA is an independent indicator of cervical lymph node metastasis. The role of cfDNA is not yet entirely understood but plasma containing cfDNA has been demonstrated to transfect cells in vitro and in vivo [15] . Reporter gene was found in tissues of rats injected with plasma from tumor-bearing animals in experiments by Garcia-Olmo et al. [56] . As the circulating in the plasma and oncogenes that are derived from the primary tumor, the metastasis might occur in the transfection of susceptible cells located in distant target organs. Apart from the transformation function of cfDNA, it can also be used for the communication between cells [57] . which are hitherto not yet fully understood: Plasma containing cfDNA has been reported to transfect cells in vitro as well as in vivo [15] and Garcia-Olmo et al. have detected reporter genes expressed in tissues of rats after injecting plasma from tumor bearing animals [56] . This suggests the possibility that metastasis in distant organs is driven by circulating ongogenes which have been released by a primary tumor. Besides this, cfDNA also may play a role in intercellular communication [57] . We analyzed the overall amount of cfDNA comprehensively. Its overall concentration may reflect the proportion of cancer derivatives in circulation and may better represent tumor dynamics and reduce bias compared to single-site biopsies [58, 59] .
Our multivariate analysis suggests the association of cfDNA with a significantly worse disease specific survival. High levels of total cfDNA and the presence of cfDNA are associated with a lower survival rate in several solid tumors [34, 38] . In our data, higher plasma cfDNA concentrations were an independent factor for disease specific survival in OSCC. This is presented in the literature for the first time.
As thus far, no specific plasma marker for OSCC exists, it will be important to investigate on a broader basis if the measurement of cfDNA concentrations in plasma samples can provide significant information on the risk of having OSCC [7] . Despite that the quantitative methodologies proposed in the present study could still be immature for routine clinical uses as restricted by cost and technical feasibility, the design of rapid and convenient practices will improve OSCC diagnosis.
The methods and strategies which have been used in this study still are not optimal to be used in the clinical routine, due to high costs and a rather complex technical process. However, one should endeavor to develop simple and rapid analytics of cfDNA in order to improve diagnosis for the benefit of OSCC patients.
Materials and Methods
Plasma Samples
The blood samples were collected from 121 patients with OSCC prior to definite surgical excision. Patients underwent the operation from February 2014 to December 2015 (Table 1 ) and provided written informed consent. Patients were enrolled in this study if the following inclusion criteria were met: (1) histological diagnosis of squamous cell carcinoma and (2) definitive surgical intervention as the initial treatment modality. Exclusion criteria were: (1) recurrent or metastatic disease, (2) previous treatment with radiation or chemotherapy and (3) a history of synchronous or metachronous cancers. Tumor staging was performed according to the American Joint Committee on Cancer (AJCC 7th edition) guidelines for tumor, node and metastasis (TNM) classification. Patients with positive cervical lymph nodes, perineural invasion, lymphovascular invasion and closed margins were administered postoperative adjuvant concurrent chemotherapy/radiation treatment according to the National Comprehensive Cancer Network (NCCN) guidelines. From 60 patients, additional samples were obtained six months after the initial surgical treatment. Fifty age, gender and oral habit matched healthy people who underwent routine dental checkup were enrolled as healthy controls. These samples were collected after obtaining written informed consent. This study was approved by the Institutional Review Board (IRB) of Mackay Memorial Hospital, Taipei, in 27/01/2016, IRB project identification code number 15MMHIS104.
Ten milliliters of whole blood were collected from each individual in the morning after fasting using vacutainer tubes containing ethylenediaminetetraacetic acid (EDTA) as an anticoagulant (Becton Dickson, Franklin Lakes, NJ, USA). Patients were followed for an average period of about 28 months.
cfDNA Extraction
Procedures for cfDNA extraction were performed as previously described [60] . The plasma samples were prepared by centrifuging the blood at 1600× g for 15 min, followed by centrifugation of the supernatant at 1600× g for 15 min. Then, the plasma was stored in 1 mL aliquots at −80 • C until analysis. The separation and storage of the plasma samples was performed within 3 h of blood collection at 4 • C. cfDNA was extracted from 1 mL plasma aliquots using the QIAamp Circulating Nucleic Acid Kit (QIAamp-Blood Mini Kit, QIAGEN, Chatsworth, CA, USA) following the manufacturer's recommendations and was eluted in 60 µL elution buffer from the kit.
Plasma DNA Quantification
Purified plasma DNA was quantified using a TapeStation 2200 (Agilent Technology, Santa Clara, CA, USA) with a high-sensitivity D1000 ScreenTape system (Agilent Technologies, Santa Clara, CA, USA). The system can analyze up to 96 samples per run and between 35 and 1000 bp. The assay is suited for accurate sizing and quantification of DNA fragments in high-throughput applications [61] .
Statistical Analysis
Each analysis was performed using the Prism 5 statistical software program package (GraphPad, San Diego, CA, USA) and SPSS 18.0 (SPSS Inc., Chicago, IL, USA). To compare differences among diverse clinical variants, Mann-Whitney, Wilcoxon matched-pairs and Kruskal-Wallis tests were used. A binary logistic regression analysis was used to determine adjusted odds ratios and 95% confidence intervals (CI). A p value of <0.05 was recognized as statistical significance. By using receiver operating characteristic (ROC) analysis, different clinical subsets can be efficiently separated by the obtained level; the under-curve area (AUC) was used to test discriminative ability. A Kaplan-Meier analysis was used to evaluate the influence on disease specific survival and disease-free survival. The relevance of nonreactive variables and disease-specific survival was assessed using a multivariate Cox proportional hazards model. Differences were statistically significant as any of the following conditions: * p < 0.05, ** p < 0.01, *** p < 0.001. Cross-comparisons with no significance were not marked.
Receiver operating characteristic (ROC) analysis was employed to determine if the clinical subsets could be effectively separated, the area under the curve (AUC) was used as measure for the discriminative ability. Influence on survival was assessed by Kaplan-Meier analysis. A multivariate Cox proportional hazards model was used to test the association of nonreactive variables with disease specific survival. Criteria for the statistical significance of differences were * p < 0.05, ** p < 0.01 and *** p < 0.001. Cross-comparisons which were not statistically significant have not been marked.
Conclusions
In conclusion, our data suggest that the quantification of cfDNA from plasma may be a useful noninvasive technique in clinical practice. Our data show that the quantification of cfDNA from plasma samples may benefit the diagnosis and treatment of OSCC patients, as in OSCC, higher preoperative plasma cfDNA concentrations are independently associated with neck lymph node metastasis and poor prognosis.
We therefore would like to suggest a large scale prospective clinical study to further and better assess the predictive value of plasma cfDNA for the detection, diagnosis, treatment and prognosis of OSCC in the population.
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